The medial temporal lobe (MTL) has been considered traditionally to subserve declarative memory processes only. Recent studies in nonhuman primates suggest, however, that the MTL may also be critical to higher order perceptual processes, with the hippocampus and perirhinal cortex being involved in scene and object perception, respectively. The current article reviews the human neuropsychological literature to determine whether there is any evidence to suggest that these same views may apply to the human MTL. Although the majority of existing studies report intact perception following MTL damage in human amnesics, there have been recent studies that suggest that when scene and object perception are assessed systematically, significant impairments in perception become apparent. These findings have important implications for current mnemonic theories of human MTL function and our understanding of human amnesia as a result of MTL lesions.
domain of space, and the perirhinal cortex playing a unique role in object memory and recognition memory based on familiarity (Aggleton & Brown, 1999; Brown & Aggleton, 2001; Mishkin, Suzuki, Gadian, & Vargha-Khadem, 1997) . According to this account, the profile of memory impairment following MTL lesions will depend on the exact location of any damage.
A more recent and controversial suggestion, which has risen primarily from the animal literature, is that the primate MTL may not mediate declarative memory processes exclusively but may, in fact, be involved in higher order perceptual processes (e.g., formation of visual representations; Buckley, Booth, Rolls, & Gaffan, 2001; Bussey, Saksida, & Murray, 2002; Murray & Bussey, 1999) . The majority of evidence for this view comes from studies that have examined the role of the perirhinal cortex in monkeys in object perception and have found that lesions to this structure can result in severe object discrimination deficits (see Buckley, this issue; Bussey, Saksida, & Murray, this issue, full discussion) . In brief, it has been proposed that the ventral "what" visual processing stream may culminate in the perirhinal cortex (Murray & Bussey, 1999) . Thus, while simple features (e.g., colour, size) may be represented in more caudal visual regions such as V4 and TE/TEO, more complex conjunctions of features (e.g., objects) may be represented in rostral regions including the perirhinal cortex.
A nonmnemonic role in spatial perception has also been proposed for the hippocampus (Gaffan, 2001; Horel, 1978; O'Keefe, 1999) . While there has been, to date, no direct experimental evidence to support this hypothesis, a large body of existing animal hippocampal data appear to be consistent with a role for the hippocampus in processing spatial information. For instance, nonhuman primate lesion studies have demonstrated that the hippocampus is essential for tasks on which performance is dependent upon spatial memory (Buckley, Charles, Browning, & Gaffan, 2004; Hampton, Hampstead, & Murray, 2004; Murray, Davidson, Gaffan, Olton, & Suomi, 1989) , and, furthermore, there is an abundance of evidence that animals (Hori et al., 2003; O'Keefe, 1976; O'Keefe & Burgess, 1996; O'Keefe, Burgess, Donnett, Jeffery, & Maguire, 1998; Ono, Nakamura, Fukuda, & Tamura, 1991; Ono, Nakamura, Nishijo, & Eifuku, 1993; Wilson & McNaughton, 1993) possess hippocampal place cells that may signal aspects of spatial location and navigation.
One extension to a perceptual view of the primate MTL is that the severe declarative memory impairments that often result from lesions to MTL structures may be explained, at least in part, by a primary deficit in higher order perception (Gaffan, 2001; Horel, 1978) : for instance, difficulties with object perception following perirhinal cortex damage or an impairment in spatial perception after lesions to the hippocampus. If true, then perceptual theories of MTL function will have a profound impact on our current understanding of the functional organization of declarative memory in the brain, as well as profiles of amnesia in animals and humans following MTL damage.
The aim of the current review, therefore, is to explore whether there is any evidence for the human MTL subserving the same perceptual processes that have been proposed for the perirhinal cortex and hippocampus in animals. Given that functional neuroimaging studies of MTL function have already been discussed in detail elsewhere (see Henson, this issue) this paper concentrates primarily on the patient neuropsychological literature. Furthermore, due to the large volume of studies that have been conducted on MTL function, discussion is restricted primarily to patients with static focal lesions, as opposed to cases with progressive diseases that impact the MTL (e.g., Alzheimer's Disease). As a starting point, a brief overview of existing studies of mnemonic function in amnesic patients with MTL damage is provided, in particular focusing on those investigations that have assessed perceptual function alongside memory performance. This shows that, to date, there has been little evidence for the human MTL subserving perceptual processing (although this has not been tested systematically) and that, as a result, the existing literature supports the general conclusion that the human MTL mediates declarative memory processes exclusively.
Following this, a more detailed discussion is carried out on a handful of recent neuropsychological studies that were specifically conducted to investigate the perceptual abilities of amnesic patients (Buffalo, Reber, & Squire, 1998; Holdstock, Gutnikov, Gaffan, & Mayes, 2000a; Lee et al., 2005a; Lee et al., 2005c; Stark & Squire, 2000) . In contradiction with the existing literature, two of these studies have demonstrated that MTL damage in humans can lead to perceptual deficits (Lee et al., 2005a; Lee et al., 2005c) . The implications of these new findings are considered, in terms of (a) how they may be reconciled with studies that have failed to support a role for MTL structures in perception (Buffalo et al., 1998; Holdstock et al., 2000a; Stark & Squire, 2000) and (b) how deficits in perception may interact with declarative memory function and underlie aspects of the human amnesic syndrome. With respect to the latter, specific mention is made of a recent study that has examined the impact that deficits in object perception may have on a form of declarative learning (Barense et al., 2005) . This review then finishes by considering how more recent perceptual theories of MTL function may be reconciled with existing mnemonic theories of the human MTL, and possible avenues of further research are discussed.
A role for the human MTL in memory only?
Existing studies of mnemonic function and the human MTL Since the initial description of severe amnesia in patient H.M. and other patients with large bilateral lesions to the MTL (Scoville & Milner, 1957) , there have been a myriad of studies that have investigated various aspects of mnemonic functioning and profiles of retrograde and anterograde memory loss following damage to MTL structures (for a recent review, see Spiers, Maguire, & Burgess, 2001a) . These include investigations into new semantic memory learning (e.g., Bayley & Squire, 2004; Gadian et al., 2000; Manns, Hopkins, & Squire, 2003b; Vargha-Khadem et al., 1997) , differences in recollection versus familiarity-based recognition (e.g., Holdstock et al., 2002; Manns, Hopkins, Reed, Kitchener, & Squire, 2003a; Mayes, Holdstock, Isaac, Hunkin, & Roberts, 2002; Mayes et al., 2004; Yonelinas et al., 2002) , working memory (e.g., Cave & Squire, 1992b; Fujii, Yamadori, Endo, Suzuki, & Fukatsu, 1999) , and different facets of nondeclarative memory: for instance, priming (e.g., Cave & Squire, 1992a; Levy, Stark, & Squire, 2004; Musen & Squire, 1992; Postle & Corkin, 1998) , perceptual learning (e.g., Kartsounis, Rudge, & Stevens, 1995; Manns & Squire, 2001) , and motor learning (e.g., Gabrieli, Corkin, Mickel, & Growdon, 1993; Muramoto, Kuru, Sugishita, & Toyokura, 1979) . Although a detailed discussion of the findings of these studies is beyond the scope and aims of the present review (for full review see Spiers, Maguire, & Burgess, 2001a; Squire, Stark, & Clark, 2004) , there are a couple of observations that can be made with respect to the MTL and mnemonic function. First, there is an abundance of evidence to suggest that the MTL is essential for long-term declarative memory, but often not for nondeclarative memory (e.g., Cave & Squire, 1992a; Kartsounis et al., 1995; Levy et al., 2004; Manns & Squire, 2001; Musen & Squire, 1992 ; but see Chun & Phelps, 1999) or working memory (e.g., Cave & Squire, 1992b; Rempel-Clower, Zola, Squire, & Amaral, 1996) . Second, as mentioned in the Introduction, the data on functional fractionation within the MTL are less clear, with some reports arguing for functional specialization within different MTL structures (Aggleton & Brown, 1999; Brown & Aggleton, 2001; Mishkin et al., 1997) and others concluding that all MTL structures function in concert as a unitary declarative memory system (Squire, 2004; Squire et al., 2004; Squire & Zola-Morgan, 1991; Zola-Morgan et al., 1994) .
In favour of a single memory system, there have been numerous studies showing that selective lesions to the human hippocampus can result in mnemonic deficits across multiple domains of declarative memory function, including impaired acquisition of new semantic memory and deficits in episodic memory retrieval on the basis of both recollection and familiarity (e.g., Bayley & Squire, 2004; Gabrieli, Cohen, & Corkin, 1988; Manns et al., 2003a; Manns et al., 2003b ; for review see Squire et al., 2004) . Contradictory evidence, however, comes from studies that have shown that circumscribed hippocampal damage does leave some memory functions intact. For example, in contrast to those studies that support a unitary view, Vargha-Khadem et al. (1997) and Gadian et al. (2000) found that the hippocampal formation is not essential for acquiring new semantic information in developmental amnesic cases. Furthermore, there have been a number of studies that have found preservation of object recognition memory in hippocampal lesion patients (Baddeley, Vargha-Khadem, & Mishkin, 2001; Holdstock et al., 2002; Mayes et al., 2002; Yonelinas et al., 2002) .
In addition to the above, there is also a considerable collection of neuropsychological data indicating that the human hippocampus, as well as the parahippocampal gyrus, may have a significant role in spatial memory and navigation. Patients with hippocampal and/or parahippocampal damage are known to be significantly impaired in spatial memory and navigation (Bohbot, Iaria, & Petrides, 2004; Bohbot et al., 1998; Burgess, Maguire, & O'Keefe, 2002; Feigenbaum & Morris, 2004; Holdstock et al., 2000b; King, Burgess, Hartley, Vargha-Khadem, & O'Keefe, 2002; King, Trinkler, Hartley, Vargha-Khadem, & Burgess, 2004; Spiers, Burgess, Hartley, Vargha-Khadem, & O'Keefe, 2001b) . Additionally, there is now evidence that there are cells within the human MTL, analogous to those found in the rat and monkey hippocampus, that signal aspects of space processing, with cells sensitive to location in the hippocampus and cells sensitive to views of landmarks in the parahippocampal gyrus (Ekstrom et al., 2003) .
There are currently two main contrasting theories that attempt to make sense of these data. In brief, one line of thought posits that the hippocampus in animals and humans operates as a spatial module or cognitive map (O'Keefe & Nadel, 1978) , with additional involvement in temporal information processing and linguistic processes critical for the formation of episodic memory in humans (O'Keefe, 1999; O'Keefe & Burgess, 1996) . In contrast, it has been proposed that the hippocampus is involved in "relational" memorythat is, memory for relationships among perceptually distinct items (Cohen et al., 1999; Eichenbaum & Cohen, 2002; Eichenbaum, Otto, & Cohen, 1994) . Thus, according to this view, the hippocampus is not specialized for spatial processing per se but, rather, plays a broader role in processing a wide range of relational associations, including spatial relations.
Existing studies of perceptual function and the human MTL If the human MTL does subserve nonmnemonic perceptual processes, as suggested by recent data in the animal literature (see Buckley, this issue; Bussey et al., this issue) , then one would expect there to have been some support for this view from the wealth of neuropsychological studies that have investigated the effects of human MTL damage on cognitive function over the past 50 years. This, however, does not appear to be the case. First, the fact that patients with MTL damage generally show normal motor and perceptual learning has been taken as evidence that perception is intact in these patients (e.g., Gage, 1985; Iverson, 1977) . For example, amnesic cases can demonstrate an improvement in performance accuracy and response times if they are required to do certain tasks repeatedly (e.g., mirror drawing, visual search), even in the absence of any explicit memory for previous experiences (e.g., Gabrieli et al., 1993; Manns & Squire, 2001; Muramoto et al., 1979 ; but see Chun & Phelps, 1999) . Second, there has been little evidence from studies of perceptual function that damage to the human MTL alone can lead to perceptual difficulties.
Notably, however, a brief review of the existing literature reveals that only a proportion of studies has assessed perceptual abilities along with performance on memory tasks. Table 1 (pp. 306-309) lists these studies, giving details of the patients involved (e.g., location and extent of their cortical damage), which perceptual assessments were carried out, and, lastly, the patients' performance on these tests. Although a few of these studies assessed visual perception by using experimental tasks that placed a low demand on mnemonic processes-for example tasks of visual matching (Buffalo et al., 1998; Holdstock et al., 2000a; Squire, 1993 )-more commonly standardized neuropsychological tests of perception were utilized. These include the copying condition of the Rey-Osterrieth figure (Osterrieth, 1944) , which requires subjects to make a copy of a complex drawing using pen and paper, and the Visual Object Space Perception (VOSP; Warrington & James, 1991) battery (Table 1) , which is composed of a series of tests that assess a variety of perceptual abilities, including identifying incomplete pictures of letters, noting the positions and quantities of items on a page, and analysing three-dimensional line drawings of blocks composed of cubes. Due to space limitations, studies that have included patients with amnesia due to fornix transection have been omitted. Moreover, only those studies that have used perceptual tasks that do not contain a memory component (e.g., semantic/episodic) have been included. For example, while the Gollin incomplete figures test (Gollin, 1960 ) and the object silhouette task of the VOSP (Warrington & James, 1991) assess the ability to perceive common objects from incomplete drawings and silhouettes, respectively, they both require semantic knowledge of these objects.
The overall consensus from the studies listed in Table 1 is that patients with MTL damage usually perform within the normal range on tasks of perception. Interestingly, however, there have been isolated cases where MTL patients have demonstrated impaired performance on tasks that do not appear to be mnemonic in nature. For instance, while patient HM was able to accurately perceive facial features and cartoon drawings, he was, however, impaired on a version of Gottschaldt's (Gottschaldt, 1929) hidden figure task, in which geometric patterns have to be identified and traced out within a network of embedding and overlapping lines (Milner, Corkin, & Teuber, 1968) . In addition to this, a number of studies have found MTL lesion patients to be impaired on standard neuropsychological tasks, such as the Rey-Osterrieth figure copy condition (e.g., Benson, Marsden, & Meadows, 1974; Woods, Schoene, & Kneisley, 1982) . Importantly, however, these deficits have often not been attributed to damage to the MTL, but rather to cortical damage beyond this region, in particular to occipital and more posterior lateral temporal lobe regions (e.g., Benson et al., 1974) . In keeping with this, there have been, to our knowledge, no previous reports of perceptual deficits in patients who have cortical damage that is restricted to MTL structures bilaterally (see Table 1 ).
Two recent studies that specifically attempted to investigate a possible role for the perirhinal cortex in object perception are Buffalo et al. (1998) and Holdstock et al. (2000a) . In brief, both of these investigations employed variations of a matching to sample (MTS) paradigm to assess a range of amnesic patients, including those with focal damage encompassing the perirhinal cortex bilaterally. In Buffalo et al. (1998) , the participants were presented with four successive multicoloured complex visual designs, each for 1 s and with a 1 s interstimulus interval per trial. Following delays of 0 to 40 s, the participants were presented with a single test image and were required to decide whether this stimulus was one of the designs that had been shown previously. Similarly, Holdstock et al. (2000a) presented participants with a single monochromatic abstract pattern for 2.5 s per trial. In a simultaneous MTS condition, this pattern remained on the screen with 14 possible targets, and the subjects were instructed to match the two identical stimuli. In contrast, in the delayed MTS conditions, the target item was removed from the screen, and after delays of 0 to 30 s, the participants were required to select the pattern that they had seen earlier from 14 possible choices.
In the aforementioned studies, it was found that amnesic patients with perirhinal cortex damage were not impaired on MTS of abstract visual stimuli when there was an absent or minimal memory demand (e.g., simultaneous to 5-s MTS in Holdstock et al., 2000a ; 0-2 s MTS in Buffalo et al., 1998) . Significant deficits in performance were, however, evident when the delay was increased between stimulus presentation and recognition (10 s and above in Holdstock et al., 2000a ; 6 s and above in Buffalo et al., 1998) , suggesting that these patients suffered from recognition memory, but not perceptual, difficulties. On the basis of these findings, both Buffalo et al. (1998) and Holdstock et al. (2000a; this issue) concluded that the human perirhinal cortex does not appear to be critical for visual perception, and that this MTL region may subserve long-term mnemonic processes, especially recognition memory for objects, exclusively.
While the absence of a perceptual deficit following human MTL damage is contrary to recent reports from the animal literature (Buckley et al., 2001; Bussey, Saksida, & Murray, 2003; Eacott, Gaffan, & Murray, 1994) , it is possible that this discrepancy may be explained by considering the stimuli that were employed by Buffalo et al. (1998) and Holdstock et al. (2000a) . For example, in these experiments two-dimensional abstract patterns, composed of varying shapes, colours, and lines, were used, with few overlapping features (or stimulus components) across the different stimuli. It is possible, therefore, to argue that these stimuli did not place a large demand on the types of perceptual process that have been attributed to the perirhinal cortex in monkeys (e.g., perception of conjunctions of object features; Buckley et al., 2001; Bussey et al., 2003; Eacott et al., 1994; Murray & Bussey, 1999) and that the patients in these studies (Ratcliff, 1979) . solved the tasks primarily on the basis of single-feature discrimination (which is not thought to be dependent upon perirhinal cortex). A similar argument may be applied to existing standardized neuropsychological tests of perception (Rey-Osterrieth figure copy, VOSP battery), in that none of these tasks adequately assess the ability to discriminate conjunctions of features. Consequently, it may not be surprising that, to date, there has been no convincing evidence that lesions to the human MTL can result in perceptual difficulties. This issue was addressed in a study by Stark and Squire (2000) , in which the ability of amnesic patients to discriminate visual stimuli was assessed using an adaptation of a nonmnemonic oddity judgement task that had been previously utilized in monkeys with perirhinal cortex lesions (Buckley et al., 2001) . In this paradigm, the participants were required to select the odd stimulus from an array of six images taken from a variety of stimulus categories. While some of these discriminations could be made on the basis of single features (e.g., oddity judgement for shape, colour, and size), other discriminations placed a greater demand on perceiving conjunctions of features (e.g., oddity judgement for objects, masked with varying degrees of visual noise, and faces). In the original monkey study, Buckley et al. (2001) found that simple single-feature discriminations were not dependent on the perirhinal cortex, while judgements for objects and faces were impaired following selective perirhinal cortex damage. Contrary to these observations, however, Stark and Squire (2000) found that their amnesic patients with perirhinal cortex damage performed within the normal range across all stimulus conditions, even on those that were sensitive to perirhinal cortex damage in monkeys. Given that this difference could not be attributed to a lack of difficulty in the tasks used (both patients and healthy controls performed around the 60% mark in the hardest oddity conditions), it was concluded that the human perirhinal cortex is "functionally different from the perirhinal cortex in monkeys with respect to visual perception" (Stark & Squire, 2000) and that this region must serve mnemonic processes exclusively.
New evidence for a role of the human MTL in perception Deficits in visual discrimination following human MTL damage Although recent studies have investigated the role of the human perirhinal cortex in perception, no studies have, to our knowledge, examined a possible role for the human hippocampus in spatial perception as suggested recently in the animal literature (e.g., Gaffan, 2001) . In order to address this issue and also to replicate and extend the findings of Stark and Squire (2000) , we recently assessed fine visual discrimination in amnesic patients with either selective hippocampal damage (HC group) or more extensive medial temporal damage including the perirhinal cortex (MTL group). Importantly, both patient groups were tested initially on general neuropsychological tasks of perception, including the complete VOSP battery (Warrington & James, 1991) , the Rey-Osterrieth figure copy condition (Osterrieth, 1944) , and the Benton face task (Benton & Van Allen, 1968) . It was found, in agreement with the existing literature, that all patients performed within the normal range on these tests, suggesting intact perceptual abilities as they are traditionally assessed.
With respect to the experimental tasks, different conditions of two simple computerized visual discrimination tasks were administered (Lee et al., 2005c) . In brief, the two discrimination tasks were both based on the same experimental paradigm, but whereas successful performance on one task was dependent on the participants learning a single visual image (discrimination performance task), the second test placed a minimal demand on mnemonic processing (simultaneous matching task). On the first three trials of each condition in the discrimination performance task (see Figure 1) , a pair of unfamiliar images from one of four stimulus categories (faces, objects, spatial scenes, or colour) was presented on a touchscreen monitor, and the participants were instructed to identify the "correct" picture by touching it. Selecting the correct stimulus produced a high tone, while the incorrect image was associated with a low tone. From Trials 4-53, the same pictures were then blended together to create 50 new trial-unique pairs with five different levels of overlapping features: 0-9%, 10-19%, 20-29%, 30-39%, and 40-49% of shared features. There were 10 trials for each level of blending, and these were pseudorandomly ordered such that 2 trials from each level were presented during each block of 10 trials. The participants were asked to select the image that they perceived to contain a greater proportion of the original correct stimulus, and auditory feedback was provided for all trials. Thus, this first task required the participants to hold onto the representation of the original correct picture throughout the 50 trials of each condition, and it assessed different difficulties of fine visual discrimination as the two test stimuli on each trial shared varying levels of features.
In the second simultaneous matching task (administered a few months later), the identical paradigm was used but with one critical difference: On each trial the original correct stimulus was always shown above the two choice stimuli. Thus, there was a minimal mnemonic component in this task, and successful performance was not dependent on the participants having to remember the original correct stimulus throughout the duration of each task condition.
In support of the idea that the human hippocampus and perirhinal cortex may be critical to scene and object perception, respectively, it was found that on both the discrimination performance and simultaneous matching tasks, the two patient groups were impaired in the discrimination of spatial scenes, while the MTL group patients demonstrated an additional impairment in discriminating faces and, to a lesser extent, objects (there was a significant MTL group impairment on the discrimination performance, but not on the simultaneous matching, object condition). In contrast, neither patient group had any difficulties discriminating colour. Given the similar findings across the two task versions, and the fact that the simultaneous matching task had a reduced mnemonic component, it is likely that the observed deficits were not mnemonic in nature, but rather reflected difficulties in scene (HC and MTL group) and object, including face (MTL group only), perception (Lee et al., 2005c) .
While this recent study was a significant first demonstration of perceptual deficits in patients with MTL damage, there were, however, a number of alternative explanations for these findings that were not inconsistent with the view that the human MTL subserves mnemonic processes exclusively. First, the patient deficits observed in Lee et al. (2005c) may have been due to a learning effect that was only present in the controls and resulted in an improvement in their performance across blocks. While the simultaneous matching task did not require the participants to hold onto a representation of the original correct stimulus, all 50 trials within each condition were created by blending the same stimulus pair to varying degrees. Thus, it is possible that the control group could have benefited from subtle learning due to the repetition of components of the stimuli across trials. To undermine this explanation, however, analyses of task performance across the blocks of each task condition revealed that none of the subject groups showed a significant effect of learning in the two versions of the discrimination paradigm and, moreover, that the significant differences between the patient groups and the controls were not restricted to the later blocks of trials on the scenes and faces conditions. In addition to this, the control groups made an increasing number of errors across trial blocks for certain stimuli, indicating that any learning was inhibiting, rather than benefiting, task performance.
A second possible explanation for the findings of Lee et al. (2005c) is that the perceptual deficits observed in the HC and MTL patient groups could have been the result of additional atrophy to cortical areas beyond the hippocampus and perirhinal cortex that are known to be involved in higher visual processing: for instance, lateral temporal lobe regions, including area TE/TEO. One line of evidence against this idea, however, is the structural ratings of the MRI scans of the patients. These ratings, based on a scale validated against volumetric methods , revealed that the hippocampal patients did not have any cortical damage beyond the hippocampus, suggesting that any perceptual impairment in this group was likely to be the result of this selective damage. Similarly, whereas the MTL patients had larger lesions that encompassed the hippocampus and surrounding regions (including the perirhinal cortex, amygdala, and anterior temporal lobe), the majority of these patients did not have significant damage to lateral temporal lobe regions. In addition to this, both HC and MTL patients performed within the normal range when making difficult colour discriminations, an ability that has been previously shown to be dependent upon area TE/TEO in nonhuman primates (Buckley, Gaffan, & Murray, 1997) .
Deficits in oddity judgement following human MTL damage
In an attempt to replicate the findings of Lee et al. (2005c) and to reconcile the findings of this study with that of Stark and Squire (2000) , Lee et al. (2005a) assessed oddity judgement in the same amnesic patients that were assessed in Lee et al. (2005c) . Versions of the original oddity tasks that were used in perirhinal lesioned monkeys (Buckley et al., 2001) were administered, as well as a number of new oddity tests to assess spatial perception (see Figure 2 ):
1. Reassessment of Stark and Squire (2000) . To investigate the findings of Stark and Squire (2000) , oddity judgement for colour, faces, and objects was investigated. As in this previous study, participants were required to select the odd stimulus from an array of six images. In our experiment, however, the stimulus set sizes of the faces and objects were significantly increased (sets of 20 items were used, in comparison to 10 in Stark & Squire, 2000) . This change was made since studies in monkeys have shown that large set sizes may be required to observe visual concurrent discrimination deficits following perirhinal cortex lesions ; although see Hampton, this issue), presumably by increasing feature "overlap" across trials.
2. Assessing spatial perception and the possible role of learning. To investigate whether spatial perception deficits could be observed in the context of an oddity paradigm, we administered a test that assessed oddity judgement for virtual reality rooms. On any given trial, patients were presented with four images on the screen and were required to select the odd stimulus. Three of these scenes were different vantage points of the same virtual reality room, while one was a fourth view of a different room that differed slightly in the arrangement and/or size of certain aspects (e.g., wall, pillar, or room cavity). Thus, in order to solve this task, the participants had to use a complete three-dimensional representation of the rooms within each trial. It is important to note that in order to rule out possible effects of learning, trial-unique stimuli were used, with no room being shown more than once in each condition.
Consistent with recent suggestions that the hippocampus is involved in space, and not object, perception, the HC group was significantly impaired on oddity judgements for virtual reality rooms, but not for faces, objects, or colour. The MTL patients were also impaired on the virtual reality rooms task, but additionally demonstrated significant impairments when they were required to make oddity judgements for faces as well as objects. They were, however, not significantly impaired in the colour condition. Thus, the profile of performance observed by Lee et al. (2005a) in the MTL patients contradicted the findings of Stark and Squire (2000) , who found, using similar tasks, that patients with MTL damage were not significantly impaired on oddity judgements for faces or objects. It is highly possible that the increase in stimulus set size in Lee et al., 2005a , contributed to this difference.
The finding of deficits in both the HC and MTL groups in the scenes task further supports the idea that the human hippocampus may be critical to spatial perception and, furthermore, is consistent with the myriad of evidence demonstrating deficits in spatial memory following hippocampal damage (Bohbot et al., 2004; Bohbot et al., 1998; Burgess et al., 2002; Feigenbaum & Morris, 2004; King et al., 2002; King et al., 2004; Spiers et al., 2001b) . Interestingly, recent studies have reported impaired allocentric, but not egocentric, memory for spatial scenes in patients with selective hippocampal lesions (Bohbot et al., 2004; Feigenbaum & Morris, 2004; Holdstock et al., 2000b; King et al., 2002; King et al., 2004) . In general, patients with hippocampal damage are comparable to healthy control subjects or only mildly impaired at recognizing object locations that are viewed from the same viewpoint as that during the learning phase (i.e., intact egocentric memory). These patients are, however, severely impaired when object locations are viewed from a different viewpoint from that at learning (i.e., impaired allocentric memory; Feigenbaum & Morris, 2004; King et al., 2002; King et al., 2004) . It is possible that these findings may also map onto the perceptual domain, with hippocampal damage causing difficulties in scene perception when the layout of a scene has to be processed from multiple vantage points as demonstrated by Lee et al. (2005a) . In support of this possibility, recent data have suggested that patients with hippocampal lesions are able to make oddity judgements for scenes when these discriminations can be solved on the basis of egocentric processing. The amnesic patients from Lee et al. (2005a) were presented with three identical images of the same room taken from the same viewpoint with a fourth image of a separate room from a different view. It was found that irrespective of the location of their cortical damage (i.e., selective hippocampal damage versus larger MTL lesions) all the patients were able to select successfully the odd stimulus (Lee et al., 2005a) .
Convergence of findings in visual discrimination and oddity judgement
The consistent findings of perceptual deficits in two separate paradigms (Lee et al., 2005a; Lee et al., 2005c) , as well as their convergence with data from the nonhuman primate literature (e.g., Buckley et al., 2001; Bussey et al., 2003) , have provided the strongest evidence to date that the human MTL may play a critical role in higher order perception (see Figure 3) , with the hippocampus and perirhinal cortex involved in spatial and object perception, respectively. The fact that the amnesic patients in these studies performed within the normal range on general tests of perception (e.g., the copying condition of the Rey-Osterrieth figure, Osterrieth, 1944 , and the VOSP, Warrington & James, 1991) highlights again the fact that these tests do not place an adequate demand on the perceptual processes that the human MTL have been proposed to subserve. For example, making a copy of the Rey-Osterrieth figure with pen and paper can be done on a feature-by-feature basis, while many of the tests of the VOSP (e.g., the counting of dots and letter identification) do not involve complex object or spatial scene perception, which are dependent on processing conjunctions of features. Perceptual deficits following MTL damage may, therefore, only be evident when tasks that cannot be solved on the basis of single visual features (i.e., that place a demand on the perception of multiple features within objects and scenes) are employed. Figure 3 . Z score plots for the two patient groups when compared to matched controls on different conditions of (a) simultaneous matching (Lee et al., 2005c) and (b) oddity judgement (Lee et al., 2005a) . Scores beyond the dashed line (z ϭ Ϫ1.96) indicate significant impairment.
Perceptual deficits as a cause of amnesia?
Given the recent evidence for perceptual deficits in humans following MTL damage (Lee et al., 2005a; Lee et al., 2005c) , it is important to consider how perceptual and mnemonic deficits may interact with each other. One controversial proposal stemming primarily from the animal literature proposes that the perceptual deficits documented following MTL damage may, in fact, be the underlying cause of the memory deficits seen after such injury (Gaffan, 2001; Horel, 1978; O'Keefe, 1999) . When considering the existing neuropsychological literature, however, it is difficult to conceive that the human amnesic syndrome may result primarily from perceptual deficits. For instance, impairments in spatial perception in patients with selective hippocampal damage (Lee et al., 2005a; Lee et al., 2005c) cannot account easily for difficulties in mnemonic tasks that do not, at least overtly, contain a spatial component. These include remembering studied pairs of words (e.g., Giovanello, Verfaellie, & Keane, 2003) as well as recalling a previously presented prose passage after a delay.
It is important to note that although these types of task do not place an explicit demand on processing spatial information, it is possible, nevertheless, that spatial perception may still be essential to task performance. One argument is that spatial memory may be spontaneously recruited during the encoding and retrieval of an experienced episode (Gaffan, 2001) . For instance, the accuracy of recalling an event in life may benefit from the reconstruction of the entire event, a critical part of which may be the spatial context in which the event took place. Subsequently, an impairment in spatial processing may impede this process and produce difficulties in mnemonic processing (Gaffan, 2001) .
Although further research is required to understand a possible interaction between space perception and mnemonic impairments in human amnesics, the impact of object perception difficulties on learning has been investigated recently by Barense et al. (2005) . In brief, the amnesic patients seen previously in Lee et al. (2005a Lee et al. ( , 2005c were assessed on a visual concurrent discrimination task that was based on a paradigm previously shown to be dependent upon the perirhinal cortex in monkeys . The participants were required to learn to discriminate between pairs of objects that possessed varying degrees of overlapping features (a property of visual discrimination termed "feature ambiguity"). Two of the conditions involved "blobs" and "bugs", and each stimulus item was composed of two explicitly defined features, or components (e.g., shape and fill; see Figure 4 ). For each stimulus type, three levels of perceptual discrimination were used: minimum, intermediate, and maximum feature ambiguity. Each of these levels involved four objects (two correct targets and two incorrect nontargets) presented in pairs (one target randomly paired with one nontarget), and the number of trials that the participants needed to learn the target items was assessed. In the minimum feature ambiguity level, no object features were ambiguous (i.e., both features were unique to target and nontarget objects). In contrast, in the intermediate feature ambiguity level, half of the features were ambiguous (i.e., one feature appeared in both a target and a nontarget, but the other feature was unique to the target), whereas in the maximum feature ambiguity level, all features were ambiguous (i.e., both features of the target also appeared separately in nontargets). Successful discriminations in the maximum condition required the participants to learn the conjunction of the two features that correctly distinguished targets from nontargets (e.g., dot fill and six-pronged shape), and they could not be solved using a single feature (e.g., dot fill) since no individual features were unique to the targets. Importantly, the number of objects to be remembered was constant for all conditions, but as feature ambiguity was increased, the demand on learning feature conjunctions was increased parametrically.
Contrary to the idea that all MTL structures function as a single mnemonic system, Barense et al. (2005) found that the patients with selective hippocampal lesions (HC group) performed within the normal range on all conditions of the blobs and bugs tasks, thus demonstrating an intact ability to learn object discriminations (i.e., they required a similar number of trials as did healthy control subjects to learn all discriminations). In contrast, whereas the patients with larger MTL lesions (MTL group) generally performed normally on all minimum feature ambiguity conditions, they were significantly impaired on the intermediate and maximum feature ambiguity levels (i.e., when a greater demand was placed on discriminating conjunctions of features, they required a significantly greater number of trials than did healthy control subjects to learn the discrimination). Given that healthy control subjects performed equally across all conditions, it is unlikely that the deficits observed in the MTL group were due to task difficulty. Moreover, although there were an equal number of stimuli in each condition, a greater number of features were presented in the minimum (eight features) than in the maximum ambiguity (four features) levels. Thus, the magnitude of impairment in the MTL group was inversely related to the number of features presented. This suggests that the number of items to be discriminated and any differences in memory load were not critical to eliciting impairments in MTL patients. The findings of Barense et al. (2005) highlight two important points about memory and the human MTL. First, the hippocampus does not appear to be critical for all forms of declarative learning. This supports the idea of functional fractionation within the MTL and that different structures within the MTL may subserve different aspects of memory processing (e.g., Aggleton & Brown, 1999; Brown & Aggleton, 2001; Mishkin et al., 1997) . Second, it is possible that changes in perceptual demand can influence mnemonic function. More specifically, the ability to encode and retrieve long-term memories may be affected by the perceptual properties of the stimuli involved. This implies that when interpreting behavioural performance on a mnemonic task, it is critical that the class (scene or object) and featural composition (minimal vs. maximal ambiguity) of the stimuli employed are considered, in addition to the mnemonic demands of the test. It is important to note, however, that while the findings of Barense et al. (2005) suggest that perceptual deficits can lead to impairments in memory, it is still unclear to what extent amnesia can be accounted for in terms of difficulties in object, or even space, perception.
Reconciling perceptual and mnemonic theories of MTL function
The suggestion that perceptual deficits can influence mnemonic performance in amnesic cases with focal MTL damage (Barense et al., 2005) raises the question as to how perceptual theories of MTL function can be reconciled with existing ideas of the role of MTL structures in mnemonic processes. One likelihood is that perceptual and mnemonic theories of MTL function are not mutually exclusive. For instance, considering the perirhinal cortex, it is conceivable that different populations of neurons within this region mediate familiaritybased recognition memory and object perception. It is known from nonhuman primate electrophysiological studies that there are perirhinal neurons that decrease their firing in response to subsequent presentations of unfamiliar objects (Brown, Wilson, & Riches, 1987; Li, Miller, & Desimone, 1993; Sobotka & Ringo, 1993) , and it has been suggested that this mechanism may constitute the neural basis of recognition memory (for review see . There are also, however, neurons that possess stimulus specificity but do not exhibit decremental response patterns , and, moreover, studies have shown that recognition memory can be dissociated from the decremental response properties of some perirhinal neurons (Sobotka & Ringo, 1996) . Thus, it is possible that there may be a variety of neural mechanisms that make separate contributions to the mnemonic and perceptual processes that the perirhinal cortex has been suggested to subserve.
With regard to the hippocampus, the idea that this region may be critical for spatial perception concurs with the existing theory that this structure may function as a spatial module or cognitive map (O'Keefe & Nadel, 1978) . It is possible that hippocampal cells that signal aspects of spatial location are important to this role (Ekstrom et al., 2003; Hori et al., 2003; O'Keefe, 1976; O'Keefe & Burgess, 1996; O'Keefe et al., 1998; Ono et al., 1991; Ono, Nakamura, Nishijo, & Eifuku, 1993; Wilson & McNaughton, 1993) , although it is still unclear as to whether this same mechanism may contribute to declarative memory encoding and retrieval processes.
A possible role for the hippocampus in spatial, but not object, perception is also not necessarily contradictory to a relational memory view of the hippocampus (i.e., that this structure is involved in the memory for relationships among perceptually distinct items; Cohen et al., 1999; Eichenbaum & Cohen, 2002; Eichenbaum et al., 1994) providing that the hippocampus is believed to mediate the association of relations among elements of scenes or events and not the binding of features of individual objects. Thus, while patients with selective hippocampal lesions are able to discriminate objects that possess overlapping features, they have difficulties when they have to perceive the multiple relations between these objects: for example, in the context of a spatial scene.
Future directions
If the human MTL is involved in higher order perceptual processes, then one would expect the perceptual deficits seen in amnesics with static lesions to be replicable in other patient populations with MTL pathology. Two ideal candidates for this are Alzheimer's Disease (AD), a condition that is characterized by a primary deficit in episodic memory and at least one other significant impairment in a different cognitive domain, such as attention, working memory and language (Grady et al., 1988; Hodges & Patterson, 1995; McKahnn et al., 1984; Perry & Hodges, 1996 , 1999 Welsh, Butters, Hughes, Mohs, & Heyman, 1992) , and semantic dementia (SD), a neurodegenerative disease that is associated with a progressive, crossmodal loss of semantic knowledge, with relative preservation in other cognitive domains (Garrard, Perry, & Hodges, 1997; Hodges & Patterson, 1995; Hodges, Patterson, Oxbury, & Funnell, 1992; Perry & Hodges, 1996; Snowden, Goulding, & Neary, 1989; Snowden, Neary, & Mann, 1996; Warrington, 1975) . Recent volumetric studies have shown differing profiles of atrophy to MTL regions in these two diseases Davies, Graham, Xuereb, Williams, & Hodges, 2004; Davies, Xuereb, & Hodges, 2002; , with predominant involvement of the perirhinal cortex in SD compared to other MTL regions, and primary atrophy throughout the hippocampus in AD (Davies, Graham, Xuereb, Williams & Hodges, 2004, although see Bright Moss, Stamatakis, & Tyler, this issue) . Consistent with perceptual theories of the MTL, preliminary data have suggested that perceptual deficits may, in fact, also be present in patients with these disorders, with AD patients demonstrating impairments in scene discrimination and SD patients showing deficits in discriminating faces (Lee et al., 2005b) .
Another important issue for investigation is defining the role that the hippocampus may play in spatial perception. As discussed earlier, existing studies of spatial memory suggest that the hippocampus may be important for allocentric processes. Recent nonhuman primate work has found, however, that hippocampal dysfunction, by means of fornix transection, can result in deficits in learning conjunctions of spatial information: for instance, the association between tail length, orientation, and spatial location of tadpoles within a two-dimensional scene (Buckley et al., 2004) . Similarly, our own investigations suggest that amnesic patients with hippocampal damage have difficulties discriminating images of scenes that share a high proportion of overlapping features but do not necessarily place a demand on allocentric processing (Lee et al., 2005c) . Thus, it is currently unclear how perceiving conjunctions of spatial information relates to allocentric processes and what role the hippocampus may play in each of these. In addition to this, given that the parahippocampal gyrus is also likely to play an important role in spatial memory (Bohbot et al., 2004; Bohbot et al., 1998; Ekstrom et al., 2003) as well as the encoding of perceptual information about the layout of scenes THE HUMAN MTL AND PERCEPTION (Epstein, Harris, Stanley, & Kanwisher, 1999) , further research will be necessary to determine the distinct contributions made by the parahippocampal gyrus and hippocampus to spatial perception.
Summary
Contrary to traditional views, there is now evidence emerging to suggest that the human MTL may mediate the same nonmnemonic processes that have been proposed for the animal MTL, with the hippocampus and perirhinal cortex subserving aspects of spatial and object perception, respectively. If true, perceptual theories of human MTL function will have a profound impact on the way in which human amnesia is understood, in particular whether deficits in perception are related to impairments in mnemonic processes.
